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SEPARATION DEVICE 

CROSS REFERENCE TO RELATED APPLICATION 

[0001 1 The present application claims priority to PCT/E.P2004/002417 filed 9 March 2004 hereby 
incorporated herein by reference. 

BACKGROUND OF THE INVENTION 

[0002] The invention relates to a separation device for the separation of constituents of different 
density of a fluid, in particular of a fluid fed from a well hole, with a container in which the fluid is 
separated, at least partially after entering via at least one feed pipe, by centrifugal force in the radial 
direction and / or by the force of gravity in the vertical direction into its constituent parts* 
[0003] This type of separation device is, for example, known from WO 99/25464, In this method a 
gravity classifier is used for separating different constituents of a conveyed fluid in layers, in 
particular into gas, water and mineral oil constituents.. The various constituents are then conveyed 
away separately. At an upper end of an appropriate container of the classifier, a so-called cyclone 
separation device is also arranged through which the gaseous and liquid constituents are separated 
and then the latter are fed to the gravity classifier with an appropriate container. 
[0004] The object of the invention is to improve a separation device of the type mentioned at the 
start such that it is constructed more compactly and in a simple manner and at the same time reliably 
enables the separation of all constituent parts and their delivery out of the separation device, 
|0005] This object is solved by the features of claim L 

BRIEF SUMMARY OF THE PREFERRED EMBODIMENTS 
[0006] According to the invention, the feed of the fluid occurs directly in a lower section of the 
container interior, whereby in this section the fluid is fed with a radial motion component to cause a 
separation due to the centrifugal force. Following the feed or also already during the separation due 
to the centrifugal force, separation occurs due to the force of gravity, so that the different constituents 
are arranged vertically one above the other, layered in the container The feed with a motion 
component in the radial direction occurs via a least one discharge line, which extends outwards in the 
radial direction and which opens into the container interior. To then deliver the constituents of the 
fluid, separated from one another in layers using centrifugal force and the force of gravity, out of the 
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container interior, appropriate delivery lines for the separated fluid constituents are connected to the 
container interior at different levels in the vertical direction. This enables each fluid constituent to be 
delivered separately. 

[0007] Through the application of such separate delivery lines, each fluid constituent cannot only be 
delivered separately, but also controlled with regard to quantity. This is particularly of advantage 
when, for example, fluid from different well-holes, for which the proportions of the fluid constituents 
are different, is passed to the separation device. This means that, for example, more or less water per 
unit time, more or less gas, more or less sand and also more or less mineral oil can be delivered 
depending on the fluid fed, 

[0008] A simple method of arranging the discharge line can be realised in that it is formed at least 
adjacent to its discharge opening approximately spiral shaped. Due to the spiral shape the radial 
motion component is also transferred to the fluid discharged into the container interior, the said 
motion component initiating a separation of the fluid constituents in the radial direction due to the 
centripetal or centrifugal force which occurs. Simultaneous to this separation and also following this 
separation, separation then occurs in the vertical direction due to the force of gravity.. 
[0009] To be able to arrange the discharge line in a simple manner within the container, it can extend 
from a vertical pipe of the separation device arranged essentially centrally in the container. This 
vertical pipe can extend over the complete height in the container interior, so that it is particularly 
releasably connected to the container at the top and bottom. 

[0010] To supply the discharge line with sufficient fluid which is passed from the well-hole under 
high pressure, a fluid feed line, ftom which the fluid reaches the discharge line via the pipe interior, 
can terminate within the vertical pipe. 

[0011] In order to use the vertical pipe not only for feeding fluid or crude oil, the vertical pipe can be 
subdivided in the longitudinal direction into a number of pipe sections which are separated from one 
another, whereby the fluid line terminates in a first lower pipe section and the discharge lines with 
their entry ends are arranged in each case above further pipe sections arranged above the first pipe 
section. In this way the vertical pipe provides both feed of the fluid as well as delivery of the fluid 
constituents after conclusion of the separation The corresponding pipe sections are here formed with 
sufficient length so that on one hand the corresponding entry end of the delivery line is arranged in 
the area of only one fluid constituent and on the other hand to be able to deliver the fluid constituents 
sufficiently quickly 

[0012] To be able to feed the fluid constituents in this respect to the various pipe sections in a simple 
manner, entry openings in the pipe casing of the vertical pipe can be formed at least in the area of the 
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further pipe sections. These can exhibit various shapes and are advantageously arranged along the 

circumferential direction of the vertical pipe Depending on the height of the pipe sections, these 

entry openings can be arranged one above the other also in the vertical direction. 

[0013j As already mentioned at the start, the fluid constituents can, for example, be delivered in 

different amounts over time by different throttling of the delivery lines. Another adaptation to 

different quantities of fluid constituents can take place in that the pipe sections exhibit different 

lengths, whereby in an advantageous manner this length can be realised variably,. 

[0014] For the separation of the pipe sections from one another, there is the possibility that they are 

separated by appropriate intervening bottoms. 

|0015] In order to be able to feed fluids essentially in a type of double screw-shaped motion, two 
approximately coil-shaped discharge lines running radially outwards and vertically upwards can 
extend from the vertical pipe. Here, the two discharge lines run in the same direction so that the 
corresponding fluid is fed via both discharge lines essentially at the same speed to the container- 
interior 

[0016] In order to enable separation using centrifugal force already during the circulation of the fluid 
through the discharge lines, the discharge lines can exhibit a number of openings, in particular on 
their outer side essentially in the radial direction- The openings can in this respect also be aligned 
such that they are open in a direction given by vectoral addition of the occurring centrifugal and 
gravitational forces for the fluid in the region of the opening. The shape of the openings can be 
selected appropriately, whereby circular, oval, star, slot or other opening shapes are conceivable. 
f0017) For the stabilisation of the discharge lines, the classifier device can exhibit at least one blade 
segment protruding radially outwards from the vertical pipe. This can also be used for the prevention 
of further turbulence in the fluid, in particular after separation into corresponding fluid constituents in 
the r egion of the blade segments . 

(0018) In order to be able to mount the discharge lines in a simple manner on the blade segment, it 
can exhibit openings for the accommodation and / or fitting of the discharge line. 
|0019J Preferably, the openings can be arranged along an end section of the blade segment situated 
radially outwards. There is also the possibility that the openings are formed as partially open edge 
recesses in the blade segment. 

[0020] To enable simple delivery of the fluid constituents, the delivery lines can exhibit within the 
vertical pipe essentially vertically running line sections which are connected to at least one rotary 
slide valve. Using the rotary slide valve the amount of the fluid constituents passed via the 
corresponding line sections can be varied or also the delivery can be interrupted. 

179479 01/1600 14600 3 



Substitute Specification 



[0021) Following the rotary slide valve, the corresponding line sections can be connected via an, in 
particular electrical, multibore connector with transport lines for the further transport of the fluid 
constituents Through this transport line, the fluid constituents can be transported for further 
processing, for on-going transport to the sea surface, for return to the well hole or for transport to a 
reintroduction hole, 

[0022] The rotary slide valve and multibore connector can also be used simultaneously for the fluid 
feed line, whereby it can then be connected to a fluid well-hole line feeding the fluid from the well 
hole. 

[0023] In order to be able to separately control the flow for each transport line, flow control valves, 
in particular electrical, can be arranged in them, 

J0024| For the further monitoring and control of the fluid constituents, throttle devices and / or 
metering valves can be connected to the flow control valve, 

(0025) In order to be able to monitor the filling level within the container due to the various fluid 
constituents at any time, appropriate level sensors can be arranged on each pipe section. These can 
react specifically to the corresponding fluid constituent and, for example, determine whether, where 
applicable, a fluid constituent has reached a pipe section to which it is not assigned for 1 discharge. In 
addition, the level sensors can also be used for emergency signals when, for example, a blockage or 
similar problem occurs in the classifier or in the separation device.. 

[0026] A filling level measurement can, for example, also occur using a sensor device which is 
assigned to an upper end of the container interior and / or pipe interior A gaseous constituent of the 
fluid collects in the upper end, whereby, for example, the pressure prevailing in this gaseous 
constituent can be acquired, 

(0027] According to the invention, there is a particular advantage when at least one feedback line is 
provided between the separation device and the well hole or a feedback hole. Various fluid 
constituents can be fed back to the extraction region of the crude oil using this feedback line to 
provide, for example, compensation for material and/or pressure. The corresponding fluid 
constituents are in particular sand or other solid contaminants of the crude oil and water There is 
also the possibility of feeding back the gaseous constituent of the fluid. 

[0028] For maintenance or cleaning of the separation device, it can prove to be advantageous if it is 
arranged as a replaceable part of a so-called tree on the sea bed . Here, it is sufficient if, for example, 
the container is transported, where applicable, with the rotary slide valve and multibore connector to 
the surface of the sea^ 
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|0029] The separation device can be releasably mounted on the corresponding tree frame, or it can 
exhibit its own frame structure for mounting the container and lines, pumps, valves or similar 
equipment Then, for example, the separation device can also be transported to the sea's surface 
together with the frame structure, There is also the possibility that the frame structure is formed 
separable, so that only an appropriate part of the frame structure is replaced with the parts fastened to 
it 

[0030} For & e control of the separation device and its constituent parts, an appropriate control line 
can be laid to the surface of the sea so that the separation device is essentially remote controlled. 
There is also the possibility of connecting the separation device to an electrical supply and control 
unit, in particular one which is already in place locally. It is then connected, for example, via a 
coaxial cable for the interchange of information and for the power supply to a remotely situated 
control station. 

[00311 In order to be able, where necessary, to feed fluid to different separation devices or to pass 
fluid to another point without feeding it to the separation device, at least one, in particular electrical, 
changeover valve can be positioned in the fluid well-hole line With this, the fluid connection to the 
separation device can be interrupted, 

[0032] If, for example, the separation device fails, this changeover valve can, where necessary, be 
used in conjunction with a further changeover valve to bypass the separation device and to convey 
the fluid directly via an appropriate pipeline of the bypass pipeline to the sea's surface. 
Consequently, it is ensured that also when the separation device fails, no interruption of the fluid 
transport is necessary 

[0033] Various shapes for the container of the separation device are conceivable. Due to the 
arrangement of the discharge line or lines is has been found to be of advantage when the container is 
essentially spherical or silo-shaped. Silo-shaped here is taken to mean an approximately cylindrical 
container with spherical caps arranged at both its ends. 

J00341 In order to be able to replace, where necessary, at least the container of the separation device 
in a simple manner, it can be constructed in a modular manner, This means that the container can be 
removed complete from the separation device or also, for example, only an upper and/or lower 
container half Similarly, there is also the possibility that, due to the modular construction of the 
container in a simple manner, one container shape can be converted into another container shape. The 
modular construction relates in a similar manner also to an appropriate frame of the separation device 
or to parts arranged in the container, such as, for example, classifier devices Also, these various 
parts can all be removed separately where necessaiy and replaced by other parts. 
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BRIEF DESCRIPTION OF THE DRAWINGS 



J0035] In the following, advantageous embodiments of the invention are explained in more detail 
based on the figures in the enclosed drawing, 
[0036] The following are shown: 

[0037) Figure 1 a side view of a first embodiment of a separation device according to the 
invention; 

[0038] Figure 2 a section along the line II-II from Figure 1 ; 

[0039] Figure 3 a longitudinal section through the device according to Figure 1; 

[0040] Figure 4 a section along the line IV-IV from Figure 3; 

[0041] Figure 5 a section along the line V-V from Figure 1 ; 

[0042] Figure 6 a section along the line VI- VI from Figure 3; 

[0043) Figure 7 a side view corresponding to Figure 3 for a second embodiment; 

[0044] Figure 8 a classifier device for application in the embodiment according to Figure 3; 

and 

J0045] Figure 9 a schematic illustration of a function diagram for the separation device 
according to the invention 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
[0046] Figure 1 shows a side view of a first embodiment of a separation device 1 according to the 
invention. This exhibits a spherical container 7 which is releasably composed of two hemispheres 
In the lower hemisphere in Figure 1 a classifier device 11, see also Figure 3, is arranged. The 
container 7 is arranged in a frame structure 56 which is part of a tree 55, The frame structure can in 
this respect also be formed of many parts and be capable of being dismantled, so that, for example, 
container 7 can be transported with the associated part of the frame away from the sea bed, 
[O047] Below on the container 7 rotary slide valves 42 and a multibore connector 43 are connected. 
A row of lines are arranged below the multibore connector 43, on one hand for feeding the fluid to be 
separated into its constituents, see fluid well-hole line 48, and on the other hand for removing the 
separated constituents, see lines 44, 45 and 46, In addition, another transport line 47 is formed as a 
feedback line 54, through which sand and water can be fed back as separate constituents to a tree 61 
for reinjection into the extraction region of the fluid, see also Figure 2. From below in Figure 1, the 
fluid is fed, via an appropriate fluid well-hole line 48, see also Figure 9. Parts of the fluid well-hole 
line 48 are illustrated in Figure 1, whereby they extend between the actual separation device 1 and a 
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changeover valve 59. Together with another changeover valve 59, see Figure 2, this changeover- 
valve 59 is used either for feeding the fluid to the separation device 1 or to the bypass of the 
separation device 1 and for the direct feed of the fluid to an appropriate pipeline, for example, refer 
to Figure 9. 

[0048] Within the container 7 the various fluid constituents are arranged essentially in layers one 
above the other in the direction of the vertical height 17. The fluid constituent with the highest 
density is positioned on the container bottom and the other constituents are positioned above this 
constituent in layers corresponding to their density. Apart from a division into layers or separation 
into fluid constituents due to the force of gravity, separation due to centrifugal or centripetal force 
also occurs due to the separation device 1 according to the invention, 

[0049] Figure 2 corresponds to a section along the line II- II from Figure 1 In this illustration the 
various lines for feeding the fluid and for removing the separated fluid constituents can in particular 
be seen. As already stated, the fluid, for 1 example crude oil, is passed to the separation device 1 
according to Figure 1 and then, according to Figure 2, to a first changeover valve 59 with an 
essentially L~shaped section of the fluid well-hole line 48. From here, the fluid is passed back to the 
separation device 1 for separation into the appropriate fluid constituents. Directly in front of the 
changeover valve 59 the fluid well-hole line 48 exhibits a branch which leads to another changeover 
valve 59, If this other changeover valve 59 is open and the other changeover valve closed, the 
separation device 1 is bypassed and a direct feed of the fluid to an appropriate pipeline 60, see also 
Figure 9, is possible without separation into the fluid constituents. 

[0050| The various transport lines 44, 45, 46 and 47 for the fluid constituents exhibit the throttle 
device 50 and / or metering valves 51 and, where necessary, also a flow control valve 49, In the 
illustrated embodiment the removal of gas occurs via the transport line 44 and oil, water and 
sand/water' are removed via the other transport lines 45, 46 and 47, Apart from the oil, all 
constituents can be fed back to the extraction region of the fluid and are injected there under 
pressure, in particular for material and pressure compensation, 

[0051] Figure 3 shows a longitudinal section through the separation device 1 according to Figure 1. 
In this figure, as in further figures, the same components always have the same reference symbols, 
whereby these are only partially mentioned. 

10052] A classifier device 11 is arranged within the container 7. This exhibits a vertical pipe 19 
extending in the vertical direction centrally in the container 7 which is essentially hollow, A large 
number of entry openings 30 are arranged within an appropriate pipe casing 31 both in the 
circumferential direction as well as in the vertical direction 22, see also Figure 8, of the vertical pipe 
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19. The pipe interior 21, see also Figure 8> is subdivided into different pipe sections 23, 24, 25 and 
26. The pipe section 23 is the lowest pipe section and the other pipe sections are arranged one above 
the other in the longitudinal direction. Each pipe section is assigned to a corresponding fluid 
constituent. This fluid constituent enters the pipe interior 21 through the cotiesponding entry 
openings 30 and can be removed from there by appropriate delivery lines 14, 15 and 16, The 
delivery lines exhibit appropriate entry ends 27, 28 and 29, see also Figure 8, which are in each case 
assigned to one of these pipe sections 24, 25, 26, Apart from the vertical pipe 19, the classifier 
device 11 in the container interior 10 also exhibits a range of blade segments 37 which extend 
radially outwards from the vertical pipe 19, According to Figure 8, the various blade segments 37, of 
which in the illustrated embodiment four are arranged in each case spaced about 90° in the 
circumferential direction, exhibit a row of openings 38. These are arranged along an edge region 39 
of the various blade segments 37.. The openings 38 are used for the accommodation and / or 
mounting of the first discharge line 13 and the second discharge line 34, These discharge lines 
extend essentially radially outwards and vertically upwards with the shape of a spiral away from the 
vertical pipe 19, see also, for example, Figure 4, The two discharge lines are passed through the 
openings 38 or through the openings 38 formed as edge recesses 40 and are mounted there. 
[0053] In Figure 8 it can be seen in particular that the various pipe sections 23, 24, 25, 26 are 
separated by several intervening bottoms 33.. Through the separation of two adjacent intervening 
bottoms 33 a length 32 of each pipe section is essentially determined, The length of the pipe sections 
can be varied by moving the intervening bottoms 33, 

[0054| In Figure 3 it can also be seen that the classifier device 1 1 is essentially arranged only in the 
lower section 9 of the container 7. Here, a certain amount of separation of the fluid constituents 
occurs due to the acting centrifugal or centripetal force due to the spiral-shaped arrangement of the 
appropriate discharge lines. On their outer side in the radial direction, the discharge lines 13, 34 
exhibit openings 64 through which the fluid constituent with the greatest density or fluid constituents 
with the greatest densities already exit from the discharge line into the container interior 10. The 
number and arrangement of the openings can be selected depending on the type of fluid, type of fluid 
constituents, fluid pressure or similar parameters. Appropriate openings 64 can be aligned, for 
example, with their opening such that it is open in a direction given by the direction of the resulting 
force vector of the centrifugal and gravitational forces at the specified point in each case. 
[0055] At the upper end 53 of the container interior 10 or of the pipe interior 21, sensor devices 52 
are arranged. Using these, it can be found, for example, whether gas is already present as constituent 
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5, the type of gas can be determined and, where applicable, with which pressure or temperature the 
gas is present. 

[0056] Further level sensors, which are assigned to the various pipe sections for the various fluid 
constituents are not illustrated in Figure 3 for the sake of simplification „ 

10057] A fluid line 20, through which the fluid is passed to the separation device 1 under high 
pressure, opens into the lower end of the vertical pipe 19. The fluid exits in the corresponding pipe 
section 23 and is fed there to the discharge lines 14, 34. All pipes of the lines within the vertical pipe 
are brought out at its lower end through rotary slide valves 42 and multibore connectors 43, to be 
connected on one hand to appropriate fluid well-hole lines 48 for the feed of the fluid and on the 
other hand to the corresponding transport lines 44, 45, 46, 47 for delivering the fluid constituents. 
|0058] Figures 4 to 6 show various sections through Figures 1 and 3 corresponding to IV, V and VX 
|0059] Figure 4 shows the container 7 at its lower end, whereby it is closed by a bottom plate 35. In 
the bottom plate a row of holes or outlet openings 36 are arranged . Sand with, where applicable, 
water flows from them, see also Figure 8. The bottom plate 35 here encloses the vertical pipe 19 
which extends from the bottom plate vertically upwards. The delivery lines 14, 15 and 16 and the 
fluid feed line 20 can be seen in the vertical pipe 19 in Figure 4 

[0060] As already explained, the fluid feed line 20 opens into pipe section 23, whereby this section is 
joined to the discharge lines 13 and 34, These discharge lines extend radially outwards and wind in a 
spiral shape upwards, see also Figure 3. 

J0061] In Figure 4 the blade segments 37 can be seen which also protrude radially outwards and are 
arranged with equal spacing in the circumferential direction and which extend to the inner side of the 
container wall, 

[0062] In Figure 5 the transport lines 44, 45 and 46, brought out radially outwards, and the fluid 
well-hole line 48 can be particularly seen. The fluid 62 can be fed to the separation device 1 via the 
fluid well-hole line 48, 

|0063] Figure 6 corresponds to a view along the line VI-VI from Figure 3 from below, so that 
transport line 44 and fluid well-hole line 48 are arranged exchanged in comparison to Figure 5. 
|0064] It can in particular be seen in which manner the various lines from outside are flange-joined 
in this section of the separation devices.. 

[0065] Figure 7 corresponds to another embodiment of the separation device 1 according to the 
invention, whereby it differs essentially only due to the different container shape from the 
embodiment according to Figure 3. In Figure 3 the container is essentially spherical, whereas the 
container 7 according to Figure 7 exhibits essentially a cylindrical central section with hemispheres 
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arranged at its ends The corresponding classifier device 1 1 is arranged both in the cylindrical 
section and also in the lower hemisphere, The various pipe sections, see Figure 8 in this respect, are 
formed in Figure 7 with a longer length 32 so that accordingly a greater accommodation volume is 
available for the various fluid constituents, 

J00661 The other details correspond to those according to Figure 3 so that a repetition of the 
description is omitted. 

[0067] Figure 8 has already been mentioned in conjunction with Figure 3. In addition it should be 
noted here that the blade segments 37, which exhibit approximately a quarter-circular shape, can also 
be formed with a semicircular shape, i.e. they can be mounted along an appropriate diameter of the 
blade segments on the vertical pipe 90, It must also be noted that the blade segments 37 according to 
Figure 8 have a different shape in the embodiment according to Figure 7, because they also extend 
along the central cylinder section to support the discharge lines 13, 34, This means that the quarter- 
circular shaped blade segments have essentially rectangular extensions in the embodiment according 
to Figure 7, which extend along the vertical pipe 19. 

[0068] With respect to the edge recess 40, which is open radially outwards, as openings 38 for the 
support of the discharge line it is pointed out that they are in the illustrated embodiment 
approximately semicircular There is also the possibility that the openings are also circular, i.e. 
enclosed, Furthermore, the edge recesses can also be less than semicircular, so that they take up the 
discharge lines less than half 

[0069] Figur e 9 shows a diagram for describing the function and for describing the application of the 
separation device 1 according to the invention 

[00701 The appropriate container 7 is illustrated with a layer of the various constituents of sand, 
water, oil and gas. These constituents can be removed from the container 7 via rotary slide valves 42 
and multibore connectors 43 arranged at the lower end of the container 7, Here, the constituents 2, 4 
and 5, i.e sand containing water, water and gas are transported over the corresponding transport lines 
44, 45, 46 and 47, see also, for example, Figure 2, to the flow control valves 49, These can be 
controlled or actuated via control elements 63 or actuators 63, whereby the control and actuation 
occurs through appropriate signals from a supply and control unit 58. From the flow control valves 
49, the corresponding constituents are transported further to the throttle device 50 and / or metering 
valves 51, from where they are then fed back to the fluid extraction region via feedback lines 54. An 
appropriate electrical control device, initiators, actuators or similar equipment is, see reference 
symbol 63, for example also assigned to the rotary slide valves 42, the multibore connectors 43 and 
to the selector valves 59, 
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[0071] The fluid constituent to be actually conveyed, i.e. the oil 3, is passed via analogous devices to 
the pipeline 60 and from there to the water surface, 

(0072) The two changeover valves 59 are illustrated in Figure 9 and it can be seen that on closing the 
selector valve 59 assigned to the pipeline 60 and on opening the other changeover valve 59, feed of 
the fluid via the fluid well-hole line 48 to the separation device 1 occurs. With the failure, 
maintenance or similar activity on the separation device 1 the fluid can be conveyed directly without 
prior separation into fluid constituents via the pipeline 60 to the water surface by opening the 
changeover valve 59 assigned to the pipeline 60 and closing the other changeover valve, 
[0073] The separation device 1 can be integrated according to the invention directly into an 
appropriate tree 55 on the sea bed, whereby this tree can be part of the tree 61 assigned to the well- 
hole 6 and another, reinjection tree, which is not shown. This reinjection tree is used for feeding 
back the fluid constituents of sand, water and gas into the extraction region to compensate for 
missing material or changing pressure due to the fluid extraction. 

[0074] According to the invention, a separation device is therefore provided in which a fast and 
economical separation of the fluid into corresponding fluid constituents occurs, made possible with 
simple and constructive means, also without in particular rotating components of a separate classifier 
device. To this end, a combination of centrifugal and gravitational force is applied which acts on the 
various fluid constituents with different densities and separates them into layers within the container 
of the separation device. Both the feed of the fluid to be separated as well as the removal of the 
separated fluid constituents occurs directly into or out of the container so that the device overall is 
compact and consequently, for example, also easy to replace. 
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